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VEHICLE ENVIRONMENT MONITORING 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a vehicle environ 
ment monitoring system that monitors an external environ 
ment of a vehicle on Which the system is installed. The 
system detects an external object, Which may collide With 
the vehicle from an image obtained by an imaging device 
mounted on the vehicle. The system hereof assists a user in 
avoiding a potential collision against a large animal, such as 
a deer, a bear or the like, since such collision has an adverse 
in?uence on the vehicle. 

[0003] 2. Description of the Prior Art 

[0004] Conventionally, a Warning device for giving a 
Warning When the distance betWeen the vehicle and an 
object approaching the vehicle becomes short Was proposed 
by Japanese Laid-Open Patent Publication No. 2001-6096. 
The device detects a distance betWeen the vehicle and the 
object based on the displacement betWeen images of the 
object, that is, the parallax of images obtained by tWo 
cameras mounted on the vehicle. According to this device, 
the change rate of the detected distance is calculated as a 
relative speed, and a time period TY until the estimated time 
the vehicle may collide With the object (an estimated alloW 
ance time period TY) is calculated based on the relative 
speed and the distance. Further, a Warning is given When the 
estimated alloWance time period TY is shorter than a pre 
determined allowance time period T. 

[0005] FIG. 22 is a diagram shoWing actually detected 
data of an error of the relative speed detected by the method 
shoWn in the above publication. As is clear from FIG. 22, 
the error of the detected relative speed increases as the 
distance from the object increases. Therefore, calculating the 
estimated alloWance time period TY based on the relative 
speed and the distance raises a problem that the Warning may 
be given too early or too late. 

[0006] For example, if the detected relative speed is 60 
km/h at a distance of 60 meters, the estimated alloWance 
time period TY is 3.6 seconds (=(60/60000)><3600). Accord 
ingly, if the predetermined time period T is set to 4 seconds, 
a Warning is given. HoWever, if the relative speed is erro 
neously detected as 40 km/h at the distance of 60 meters, the 
estimated alloWance time period TY becomes 5.4 seconds 
(=(60/40000)><3600). Then a Warning is not given although 
the probability that the collision may occur after 3.6 seconds 
is high. Even in this case, a Warning is given after a little 
While, since the accuracy of detecting the distance becomes 
higher as the distance decreases. That is, the timing of giving 
a Warning is delayed. In contrast, if the relative speed is 
erroneously detected as higher than the actual speed, the 
timing of giving a Warning becomes too early. 

[0007] Further, the above-described conventional method 
causes another problem that the vehicle running in the 
opposite lane and approaching at a comparatively high 
speed, or the vehicle running ahead in the same lane may be 
detected as an object With high possibility of collision, 
Which often causes unnecessary Warnings. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the invention to provide a vehicle 
environment monitoring system, Which is capable of more 
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accurately determining the probability of collision betWeen 
the object and the vehicle, thereby giving a Waning to the 
driver at a desired timing, and preventing unnecessary 
Warnings. 

[0009] To attain the above object, the present invention 
provides a vehicle environment monitoring system, Which 
detects an object existing in an external environment of the 
vehicle from an image, obtained by imaging means mounted 
on the automotive vehicle. The vehicle environment moni 
toring system includes vehicle speed detecting means, dis 
tance calculating means, relative speed calculating means, 
and probability determining means. The vehicle speed 
detecting means detects a running speed of the vehicle. The 
distance calculating means calculates a distance betWeen the 
object and the vehicle, based on the image obtained by the 
imaging means. The relative speed calculating means cal 
culates a relative speed betWeen the object and the vehicle, 
according to the distance calculated by the distance calcu 
lating means. The probability determining means determines 
Whether or not there is a substantial probability that the 
vehicle may collide With the object, based on the running 
speed of the vehicle and the distance calculated by the 
distance calculating means. A Warning alarm is generated, 
provided on condition that the relative speed betWeen the 
object and the vehicle is in the vicinity of the running speed 
of the vehicle. 

[0010] According to this vehicle environment monitoring 
system, it is determined Whether or not there is a signi?cant 
probability that the vehicle may collide With the object, 
based on the running speed of the vehicle instead of the 
relative speed, and the distance betWeen the vehicle and the 
object. This probability is determined on condition that the 
relative speed is in the vicinity of the running speed of the 
vehicle, in other Word, the sensed object is moving at a 
relatively loW speed, or standing still. Therefore, it is pos 
sible to issue a Warning at a desired timing, even if the 
detection error of the relative speed is relatively large. 
Further, since the determination is carried out on condition 
that the relative speed is in the vicinity of the vehicle speed, 
it is possible to substantially prevent unnecessary Warnings 
When the vehicle is approaching another vehicle that is 
running in the opposite lane, or running ahead in the same 
lane. 

[0011] Preferably, the determining means carries out the 
determination, When an absolute value of a difference 
betWeen the relative speed and the running speed of the 
vehicle is less than or equal to half of the running speed of 
the vehicle. 

[0012] Preferably, the vehicle environment monitoring 
system further includes relative position-detecting means 
and movement vector-calculating means. The relative posi 
tion-detecting means detects a relative position of the object 
to the vehicle, based on the image obtained by the imaging 
means and the distance calculated by the distance calculat 
ing means, to thereby obtain position data. The movement 
vector-calculating means calculates positions of the object in 
a real space, based on a plurality of time series items of the 
position data detected on the object by the relative position 
detecting means, and calculates a movement vector of the 
object based on the positions in the real space. The prob 
ability determining means determines Whether or not the 
probability of collision is high based on the movement 
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vector, When it is determined based on the running speed of 
the vehicle and the distance that there is a possibility of 
collision. 

[0013] According to this con?guration, an accuracy of the 
determination is improved by using the movement vector. 

[0014] Preferably, the movement vector-calculating 
means includes approximate straight line-calculating means 
for calculating an approximate straight line approximating a 
locus of relative movement of the object, and position 
data-correcting means for correcting the time series items of 
the position data by using the approximate straight line. The 
movement vector-calculating means calculates the move 
ment vector based on the corrected time series items of the 
position data. 

[0015] According to this con?guration, a detection error 
relating to position data is reduced, to make it possible to 
more accurately determine the probability of collision. 

[0016] Preferably, the probability determining means car 
ries out the determination by applying collision determina 
tion conditions that are dependent on a Width of the vehicle. 

[0017] According to this con?guration, the probability of 
collision is more accurately determined and unnecessarily 
alarms are prevented. 

[0018] More preferably, the approximate straight line 
calculating means calculates the approximate straight line as 
a three-dimensional straight line including data of a height 
of the object. 

[0019] According to this con?guration, it is possible to 
accurately determine the probability of collision, even When 
the vehicle is running on a hilly road. 

[0020] Preferably, the imaging means comprises tWo 
infrared cameras capable of detecting infrared rays. 

[0021] According to this con?guration, an animal, a run 
ning automotive vehicle, or the like can easily be detected, 
even When the driver is driving at night and it is dif?cult to 
recogniZe them. 

[0022] Preferably, the imaging means comprises tWo TV 
cameras for detecting infrared rays or visible rays, and the 
relative position-detecting means includes search area-set 
ting means and corresponding object image-identifying 
means. The search area-setting means sets, based on a 
position of an object image contained in an image output 
from one of the tWo TV cameras, a search area Within an 

image output from the other of the tWo TV cameras, for 
searching for a corresponding object image contained in the 
image output from the other TV camera. The corresponding 
object image-identifying means identi?es the corresponding 
object image by carrying out a correlation operation on data 
Within the search area. The distance-calculating means cal 
culates the distance betWeen the vehicle and the object, 
based on a parallax betWeen the ?rst object image and the 
corresponding object image. 

[0023] Preferably, the vehicle environment monitoring 
system includes Warning means for Warning a driver, When 
it is determined by the determining means that there is a high 
probability of collision against the object. The Warning 
means is preferably inhibited from Warning the driver When 
the driver is carrying out a braking operation, and at the 

Dec. 5, 2002 

same time, deceleration caused by the braking operation is 
larger than a predetermined threshold. 

[0024] According to this con?guration, the driver is not 
Warned When he has already recogniZed the object and is 
carrying out an appropriate braking operation. This makes it 
possible to substantially prevent the driver from being 
annoyed by an unnecessary Warning. 

[0025] The above and other objects, features, and advan 
tages of the invention Will become more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a block diagram shoWing the arrange 
ment of a vehicle external environment monitoring system 
according to an illustrative embodiment of the invention; 

[0027] FIG. 2 is a diagram illustrating portions of a 
vehicle at Which mounting cameras appearing in FIG. 1 are 
mounted; 

[0028] FIG. 3 is a ?oWchart shoWing a procedure of 
processing steps executed by an image-processing unit 
appearing in FIG. 1; 

[0029] FIG. 4 is a ?oWchart shoWing details of a Warning 
determination process in FIG. 3; 

[0030] FIGS. 5A and 5B are diagrams each shoWing 
halftone portions as hatched areas, Which are useful in 
explaining gray scale images obtained by infrared cameras, 
in Which: 

[0031] FIG. 5A shoWs a right image obtained by a right 
one of the infrared cameras; 

[0032] FIG. 5B shoWs a left image obtained by a left one 
of the same; 

[0033] FIG. 6 is a diagram shoWing a black area as a 
hatched one, Which is useful in explaining an image formed 
by binariZation of a gray scale image; 

[0034] FIGS. 7A to 7C are diagrams Which are useful in 
explaining a process for converting binariZed image data to 
run length data and labeling of objects for identi?cation 
thereof; 

[0035] FIGS. 8A and 8B are diagrams useful in explain 
ing hoW objects are tracked at time intervals; 

[0036] FIG. 9A is a diagram useful in explaining a target 
image in the right image; 

[0037] FIG. 9B is a diagram useful in explaining a search 
area set in the left image; 

[0038] FIG. 10A and 10B are diagrams useful in explain 
ing a correlation operation carried out on data Within the 
search area; 

[0039] FIGS. 11A and 11B are diagrams useful in 
explaining a method of calculating a parallax; 

[0040] FIG. 12 is a diagram useful in explaining a method 
of calculating a distance betWeen the vehicle and the object 
based on the parallax; 
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[0041] FIGS. 13A and 13B are diagrams useful for 
explaining a coordinate system used in the present embodi 
ment; 

[0042] FIG. 14 is a diagram useful in explaining a turn 
angle-dependent correction of position data of an object; 

[0043] FIG. 15 is a diagram shoWing the displacement of 
the object in the images due to turning of the vehicle; 

[0044] FIG. 16 is a diagram useful in explaining a method 
of calculating a relative movement vector; 

[0045] FIG. 17 is a diagram useful in explaining condi 
tions for determining Whether or not a Warning should be 
issued; 

[0046] FIG. 18 is a diagram useful in explaining divi 
sional areas in front of the vehicle; 

[0047] FIG. 19 is a diagram useful in explaining a case in 
Which a collision is liable to occur; 

[0048] FIG. 20 is a diagram useful in explaining a method 
of incoming object collision determination dependent on a 
Width of the vehicle; 

[0049] FIG. 21A shoWs a state Where a screen of a head 
up display is not displayed; 

[0050] FIG. 21B shoWs a state Where a screen of the head 
up display is displayed; and 

[0051] FIG. 22 is a diagram for explaining a problem 
associated With the conventional technique. 

DETAILED DESCRIPTION 

[0052] The invention Will noW be described in detail With 
reference to draWings shoWing an embodiment thereof. 

[0053] Referring ?rst to FIG. 1, there is shoWn the 
arrangement of a vehicle environment monitoring system, 
according to an illustrative embodiment of the invention. 
The system depicted in FIG. 1 includes right and left 
infrared cameras 1R, 1L capable of detecting far-infrared 
rays, a yaW rate sensor 5 for detecting yaW rate of the 
vehicle, a vehicle speed sensor 6 for detecting traveling 
speed (vehicle speed) VCAR of the vehicle, a brake sensor 
7 for detecting an operation amount of a brake (not shoWn), 
and an image-processing unit 2 for detecting an object, such 
as an animal or the like, ahead of the vehicle. Objects are 
detected based on image data obtained by the above cameras 
1R, 1L. The system also includes a speaker 3 for generating 
a voice alarm for Warning the driver, and a head up display 
(hereinafter referred to as the “HUD”) 4 for displaying an 
image obtained by the camera 1R or 1L. The HUD 4 permits 
the driver to recogniZe the object having the high probability 
of collision against the vehicle. 

[0054] As shoWn in FIG. 2, the cameras 1R, 1L are 
arranged in a front portion of the automotive vehicle 10 at 
locations symmetric With respect to the longitudinal central 
axis of the vehicle 10. The cameras are rigidly ?xed to the 
vehicle such that the tWo cameras 1R, 1L have optical axes 
in parallel With each other and disposed at equal heights 
from a road surface. The infrared cameras 1R, 1L have a 
characteristic that the output signal level thereof becomes 
higher (the luminance of an image of an object increases) as 
the temperature of the object becomes higher. 
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[0055] The image-processing unit 2 includes an A/D con 
verter circuit for converting input analog signals to digital 
signals, an image memory for storing digitiZed image sig 
nals, a CPU (Central Processing Unit) for carrying out 
arithmetic operations, a RAM (Random Access Memory) 
used by the CPU for storing data being processed in the 
arithmetic operations, a ROM (Read Only Memory) storing 
programs executed by the CPU, tables, and maps, and an 
output circuit for outputting driving signals to the speaker 3, 
display signals to the HUD 4, and the like. Output signals 
from the cameras 1R, 1L and the sensors 5 to 7 are converted 
to digital signals and input to the CPU. 

[0056] As shoWn in FIG. 2, the HUD 4 is arranged such 
that a screen 4a thereof is displayed in a front WindoW at a 
location ahead of the driver. 

[0057] FIG. 3 is a ?oWchart shoWing a procedure of 
processing steps executed by the image-processing unit 2. 
First, output signals from the cameras 1R, 1L are subjected 
to A/D conversion by the A/D converter circuit and the 
resulting digital data are stored in the image memory (steps 
S11, S12, S13). Data of images stored in the image memory 
is data of gray scale images including luminance informa 
tion. FIGS. 5A and 5B are diagrams for explaining gray 
scale images obtained by the respective cameras 1R, 1L (a 
right image by the camera 1R, and a left image by the 
camera 1L). Hatched areas in the right and left images are 
halftone (gray) areas, While areas surrounded by thick solid 
lines are areas at a high luminance level (at a high tempera 
ture). The areas surrounded by thick, solid lines are areas 
(hereinafter referred to as “high luminance areas”) of 
detected objects, displayed in White on the screen. In the 
right image and the left image, an identical object is dis 
played as dual, respective images at respective locations 
horiZontally displaced from each other, so that it is possible 
to calculate a distance from the vehicle 10 to the object, 
based on the image displacement (parallax). 

[0058] At step S14 in FIG. 3, the right image is set to a 
reference image, and the digital image data representative of 
the reference image is binariZed (converted to 1-bit data) 
such that an area at a level of luminance equal to or higher 
than a luminance threshold ITH, experimentally determined, 
is set to 1” (White) and an area at a loWer level of luminance 
than the threshold ITH is set to “0” (black). FIG. 6 shoWs 
an image obtained by binariZation of the FIG. 5A image. In 
the ?gure, a hatched area represents a black area, While areas 
surrounded by thick solid lines (high luminance areas) 
represent respective White areas. 

[0059] At the folloWing step S15, the binariZed image data 
is encoded into run length data. FIG. 7A is a diagram for 
explaining the encoding process. In the ?gure, areas set to 
White by the above binariZation are represented by lines L1 
to L8 indicative of respective lines of pixels. Although the 
lines L1 to L8 each have a Width of one pixel in the y 
direction, and are actually arranged side by side Without any 
gaps in the y direction, they are shoWn as separate lines 
spaced from each other for clarity of description. Further, the 
lines L1 to L8 have respective lengths of tWo pixels, tWo 
pixels, three pixels, eight pixels, seven pixels, eight pixels, 
eight pixels, and eight pixels in the x direction. The run 
length data represents each of the lines L1 to L8 by the 
coordinates of the starting point (point of the left end) of the 
line and the length (the number of pixels) of the line from the 
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starting point to the ending point (point of the right end) of 
the same. For instance, the line L3 is formed of three pixels 
(X3, y5), (X4, y5) and (X5, y5), and represented by the run 
length data (X3, y5, 3). 

[0060] At steps S16 and S17, an object is eXtracted by 
labeling the same, as shoWn in FIG. 7B. That is, out of the 
lines L1 to L8 encoded into the run length data, the lines L1 
to L3 overlapping in the y direction are regarded as one 
object 1, and the lines L4 to L8 overlapping in the y direction 
are regarded as one object 2, Whereby object labels 1 and 2 
are added to the run length data. This processing enables, 
e.g, the high luminance areas appearing in FIG. 6, to be 
grasped as objects 1 to 4, respectively. 

[0061] At step S18, as shoWn in FIG. 7C, the centroid G 
of an eXtracted object (image of an object), the area S of the 
eXtracted object, and the aspect ratio ASPECT of a rectangle 
circumscribing the eXtracted object (indicated in FIG. 7C by 
broken lines) are calculated. The area S is calculated by 
integrating the lengths of the run length data of an identical 
object. The coordinates of the centroid G is calculated as the 
X coordinate of a line equally dividing the area S along the 
y direction into halves, and the y coordinate of a line equally 
dividing the area S along the X direction into halves. The 
aspect ratio ASPECT is calculated as Dy/DX Which is a ratio 
of Dy to DX appearing in FIG. 7C. It should be noted that 
the position of the centroid of the circumscribing rectangle 
may be used in place of that of the centroid G of the 
eXtracted object. 

[0062] At step S19, objects are tracked at time intervals, 
that is, identi?cation or recognition of identical objects is 
carried out Whenever each sampling repetition period 
elapses. Assuming that a time obtained by discretiZing time 
t as an analog amount by a sampling repetition period is 
represented by k, objects 1 and 2 eXtracted at time k, as 
shoWn in FIG. 8A, and objects 3 and 4 eXtracted at time 
(k+1) as shoWn in FIG. 8A are checked as to their identity. 
More speci?cally, it is determined that the objects 3 and 4 
are identical With the respective objects 1 and 2 When the 
folloWing identi?cation conditions (1) to (3) are satis?ed, 
and the objects 3 and 4 are labeled as objects 1 and 2 to 
thereby track the objects at time intervals: 

[0063] (1) Assuming that the position coordinates of 
the centroid of objects i (=1, 2) in an image at time 
k are represented by (Xi(k), yi(k)), and the position 
coordinates of the centroid of objects j (=3, 4) in an 
image at time (k+1) are represented by (Xj(k+1), 
yj(k+1)), the folloWing conditions are satis?ed: 

[0064] and 
lY/'(k+1)—yi(k)|<Ay 

[0065] Wherein AX and Ay represent maXimum alloWable 
values for respective distances covered by the object moving 
in the image in the X direction and the y direction. 

[0066] (2) Assuming that the areas of the objects i 
(=1, 2) in the image at time k are represented by 
Si(k), and the areas of the objects j (=3, 4) in the 
image at time (k+1) are represented by Sj(k+1), the 
folloWing condition is satis?ed: 
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[0067] Wherein AS represents a maXimum alloWable value 
for a change in the area. 

[0068] (3) Assuming that the aspect ratios of rect 
angles circumscribing the objects i (=1, 2) at time k 
are represented by ASPECT i(k), and the aspect 
ratios of rectangles circumscribing the objects j (=3, 
4) at time (k+1) are represented by ASPECT j(k+1), 
the folloWing condition is satis?ed: 

ASPECT j(k+1)/ASPECT i(k)<1:AASPECT 

[0069] Wherein AASPECT represents a maXimum alloW 
able value for a change in the aspect ratio. 

[0070] When comparison is made betWeen FIG. 8A and 
FIG. 8B, the siZe of each object is increased in FIG. 8B, but 
the objects 1 and 3 satisfy the above identi?cation condi 
tions, and the objects 2 and 4 satisfy the above identi?cation 
conditions. Hence, the objects 3 and 4 can be identi?ed With 
the respective objects 1 and 2. The position coordinates (of 
the centroid) of each object thus identi?ed are stored in the 
memory as time series items of position data, and used for 
carrying out subsequent arithmetic operations. 

[0071] It should be noted that the above-mentioned pro 
cesses at steps S14 to S19 are eXecuted on the binariZed 
reference image (the right image in the present embodi 
ment). 
[0072] At step S20 in FIG. 3, the vehicle speed VCAR 
detected by the vehicle speed sensor 6 and the yaW rate YR 
detected by the yaW rate sensor 5 are read in for integration 
of the yaW rate YR over time, Whereby the angle 0 r of turn 
of the automotive vehicle 10 (see FIG. 14) is calculated. 

[0073] On the other hand, at steps S31 to S33, an operation 
for calculating a distance Z betWeen the object and the 
automotive vehicle 10 is carried out in parallel With the 
processes at steps S19 and 20. This arithmetic operation 
takes a longer time period than the processes at steps S19 
and 20, and hence it is eXecuted at a longer repetition period 
than that of the processes at steps S 19 and 20 (approXi 
mately three times as long as a repetition period of eXecution 
of the processes from step S11 to step S20). 

[0074] At step S31, one of objects tracked by using the 
binariZed image of the reference image (right image) is 
selected, Whereby as shoWn in FIG. 9A, a target image R1 
(Whole area surrounded by a circumscribing rectangle is set 
to a target image in this eXample) is eXtracted from the right 
image. At the folloWing step S32, a search area for searching 
an image (hereinafter referred to as the “corresponding 
image”) corresponding to the target image is set Within the 
left image, and the corresponding image is eXtracted by 
performing a correlation operation. More speci?cally, as 
shoWn in FIG. 9B, a search area R2 is set in the left image 
based on the coordinates of each verteX of the target image 
R1, and the total sum value C (a, b) of luminance differences 
indicative of a degree of correlation With the target image R1 
is calculated as to data Within the search area R2 by using the 
folloWing equation (1), Whereby an area Which provides the 
minimum value of the total sum value C (a, b) is eXtracted 
as the corresponding image. 

[0075] It should be noted that the correlation operation is 
carried out not by using data of binariZed images (binary 
data) but by using data of gray scale images (gray scale 
data). Further, When position data of an identical object 
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obtained in the past is available, an area R2a (shown by 
broken lines in FIG. 9B) narrower than the search area R2 
is set to the search area based on the position data. 

[0076] Wherein IR (m, n) represents a luminance value of 
a position shoWn by coordinates (m, n) in the target image 
R1 appearing in FIG. 10A, and IL(a+m-M, b+n-N) repre 
sents a luminance value of a position shoWn by coordinates 
(m, n) in a local area R3 having the same shape as that of the 
target image R1 With a reference point (origin of its oWn 
coordinate system) set to coordinate (a, b) in the search area 
R2 as indicated in FIG. 10B. Aposition minimiZing the total 
sum value C (a, b) of the luminance differences is obtained 
by changing the coordinates (a, b) of the reference point, 
Whereby the position of the corresponding image can be 
determined. 

[0077] After the target image R1 and the corresponding 
image R4 corresponding to this target image R1 as shoWn in 
FIG. 11A and 11B are extracted at step S32, then at step 
S33, a distance dR (the number of pixels) betWeen the 
centroid of the target image R1 and a center line LCTR of 
the right image, and a distance dL (the number of pixels) 
betWeen the centroid of the corresponding image R4 and a 
center line LCTR of the left image are determined, and 
applied to the folloWing equation (2) to calculate a distance 
Z betWeen the automotive vehicle 10 and the object. 

[0078] Wherein B designates the length of a baseline, that 
is, a horiZontal distance (in the x direction) betWeen the 
center position of an imaging element 11R of the camera IR 
and the center position of an imaging element 11L of the 
camera 1L (i.e. distance betWeen the optical axes of the 
respective cameras), as shoWn in FIG. 12; F designates the 
focal distance of lenses 12R, 12L; p designates a space 
interval betWeen pixels in the imaging elements 11R, 11L; 
and Ad (=dR+dL) represents the amount of parallax. 

[0079] At step S21, coordinates (x, y) in the image and the 
distance Z calculated by using the equation (2) are applied to 
the folloWing equations (3) for conversion to real space 
coordinates (X, Y, Z). Here, the coordinate system of the real 
space coordinates (X, Y, Z) (real space coordinate system) is 
de?ned as shoWn in FIG. 13A With the position of a mid 
point (position ?xed on the automotive vehicle 10) of 
mounting positions at Which the cameras 1R, 1L are 
mounted being set to an origin O of the real space coordinate 
system, and coordinates in a coordinate system of an image 
(imaginary image, referred to hereinafter) corresponding to 
the real coordinate system is de?ned as shoWn in FIG. 13B, 
With the center of the image being set to the origin of the 
coordinate system corresponding to the real space coordi 
nate system, the horiZontal direction being de?ned as the x 
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direction, and the vertical direction being de?ned as the y 
direction. 

Z 

X 

Y 

Z 

[0080] In these equations, (xc, yc) are obtained by con 
verting the coordinates (x, y) in the coordinate system of the 
right image to coordinates in the coordinate system of the 
imaginary image, the center of Which is caused to coincide 
With the origin O of the real space coordinate system, based 
on the relative relationship of the mounting position of the 
camera IR and the origin O of the real space coordinate 
system. Further, f represents a ratio betWeen the focal 
distance F and the pixel-to-pixel space interval p. 

[0081] At step S22, a turn angle-dependent correction of 
position data of each object is carried out by compensating 
for positional displacement of the object in the image due to 
turning of the vehicle 10, according to the angle of turn. 
Assuming that the vehicle 10 makes a turn, as shoWn in FIG. 
14, eg in a leftWard direction through an angle Sr of turn 
during a time period from a time k to a time (k+1), an image 
obtained by the camera is displaced by Ax in the x direction, 
as shoWn in FIG. 15. The turn angle-dependent correction at 
step S22 is carried out to compensate for the displacement 
of the image. More speci?cally, the real space coordinates 
(X, Y, Z) are applied to the folloWing equation (4) to 
calculate corrected coordinates (Xr, Yr, Zr). Real space 
position data (Xr, Yr, Zr) thus calculated is stored in the 
memory in a manner correlated to each corresponding 
object. Further, in the folloWing description, the corrected 
coordinates are denoted as coordinates (X, Y, Z). 

X r cosGr O —sin0r X (4) 

Yr — O l O Y 

Zr sinOr O cosGr Z 

[0082] At step S23, as shoWn in FIG. 16, an approximate 
straight line LMV corresponding to a relative movement 
vector betWeen an identical object and the automotive 
vehicle 10 is obtained based on N real space position data 
items, ie time series position data (N is a number equal to 
or close to 10, for instance) after the turn angle-dependent 
correction, Which Were obtained during a time period AT. 
More speci?cally, assuming that a direction vector indica 
tive of the direction of the approximate straight line LMV is 
represented by L=(lx, ly, lZ) (|L|=1), a straight line repre 
sented by the folloWing equations (5) is determined: 
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-continued 

1:0 

1:0 

[0083] wherein u represents a parameter capable of having 
an arbitrary value, and Xav, Yav and Zav represent the 
average value of X coordinates, the average value of Y 
coordinates, and the average value of Z coordinates, respec 
tively, of series of real space position data. Further, if the 
parameter u is eliminated from the equations (5), the fol 
loWing equation (5a) is obtained: 

[0084] FIG. 16 is a diagram illustrating the approximate 
straight line LMV. In the ?gure, P(0), P(1), P(2), . . . , 
P(N-2), P(N-l) designate points indicated by respective time 
series position data items (data points) after the turn angle 
dependent correction. The approximate straight line LMV is 
determined as a straight line Which extends through the 
average position coordinates Pav (=Xav, Yav, Zav) of the 
time series position data item, and minimizes an average 
value of the squares of respective distances betWeen the line 
and the data points. Here, a numeric value in parentheses 
added to each P indicating the coordinates of each data point 
(position coordinates) shoWs that the larger the numeric 
value is, the older the data item having the numeric value is. 
For instance, P(0) indicates the latest position coordinates, 
P(l) indicates position coordinates obtained one sampling 
repetition period earlier, and P(2) indicates position coordi 
nates obtained tWo sampling repetition periods earlier. The 
same applies to D(j), Y(j), and the like referred to 
hereinafter. 

[0085] More speci?cally, inner products s of vector D(j)= 
(DX(j), DY(j), DZ(j))=(X(j)-Xav, Y(j)-Yav, Z(j)-Zav) Which 
extend from the average position coordinates Pav to the 
coordinates P(0) to P(N-l) of the respective data points and 
a direction vector L are calculated by the folloWing equation 
(6), and the direction vector L=(lx, ly, lZ) maximiZing the 
variance of the inner products s is determined. 

[0086] A variance-covariance matrix V of the coordinates 
at the respective data points is represented by the folloWing 
equation Since a characteristic value (I for this variance 
covariance matrix V corresponds to the variance of the inner 
products s, a characteristic vector corresponding to the 
largest one of three characteristic values calculated from the 
matrix becomes the direction vector L desired to be 
obtained. It should be noted that in order to calculate 
characteristic values and a characteristic vector from the 
matrix of the equation (7), a method knoWn as Jacobian 
method (described eg in “Suuchi-Keisan Handbook (Hand 
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book of Numeral Calculus)” (published by Ohmsha, Ltd, 
Tokyo, Japan)) is used. 

2 (7) 

[0087] Next, the latest position coordinates P(0)=(X(0), 
Y(0), Z(0)), and the position coordinates P(N-1)=(X(N-1), 
Y(N-l), Z(N-1)) obtained (N-l) sampling repetition periods 
(time period AT) earlier are corrected such that positions 
thereof are on the approximate straight line LMV. More 
speci?cally, by applying the Z coordinates, Z(0), Z(N-l) to 
the above-mentioned equation (5a), that is, by using the 
folloWing equations (8), corrected position coordinates 
Pv(0)=(Xv(0), Yv(0), Zv(0)) and corrected position coordi 
nates Pv(N-1)=Xv(N-1, Yv(N-l), Zv(N-l) are calculated. 

[0088] As the vector extending from the position coordi 
nates Pv(N-l) to the position coordinates Pv(O) calculated 
by the equations (8), the aforementioned relative movement 
vector can be obtained. As described above, an approximate 
straight line approximating the locus of relative movement 
of an object to the automotive vehicle 10 is calculated, based 
on a plurality of (N) data items of position data during a 
monitoring time period AT, and a relative movement vector 
is determined, based on the approximate straight line. This 
makes it possible to reduce adverse in?uence of position 
detection errors, and more accurately estimate the probabil 
ity of collision against the object in advance. 

[0089] NoW, referring again to FIG. 3, at step S24, a 
Warning determination process (FIG. 4) is carried out by 
determining Whether or not there is a possibility of collision 
against the detected object, and issuing a Warning if the 
probability of the collision is high. 

[0090] At step S41 in FIG. 4, a relative speed Vs in the Z 
direction is calculated by the folloWing equation When 
the folloWing expressions (10a), (10b), and (11) are satis 
?ed, it is determined that there is a signi?cant probability of 
collision, and the program proceeds to step S42. If any one 
or more of the expressions (10a), (10b), and (11) is/are not 
satis?ed, the Warning determination process is terminated. 












